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方法：通过调查的方法，获取厦门市及武汉市 4家医院 1998 年至 2008 年入
院接受手术治疗的乳腺癌患者的临床资料。生存分析中的单变量分析以 K-M 方









“ 5cm> ”的患者的死亡危险率是大小为“ 2cm≤ ”的患者的 5.461 倍。乳腺癌
根治术的死亡危险率为乳腺癌改良根治术的 3.004 倍。在竞争风险下，非参估计
法的计算结果为：复发的 3 年风险率为 20.73%，5 年风险率为 28.2%；转移的 3


























Objectives: The aim of this study was to evaluate the survival results after 
operation and explore the prognostic factors which have an impact on the patients 
with breast cancer. The application of competing risk model on the prediction of 
prognosis study for female breast cancer was discussed and compared with the   
traditional survival analysis method. 
Methods: Data of this study was collected from four hospitals in Xiamen and 
Wuhan, which was the clinical data of patients with breast cancer from 1998 to 
2008.K-M survival curves, log-rank test and Cox proportional hazard model were 
used to evaluate the survival analysis and access the prognostic factors. In the 
presence of competing risks, non-parametric method, cause-specific hazard model, 
cumulative incidence functions were used to calculate the cumulative risk of 
relapse and metastasis rate and access the prognostic factors. SPSS16.0, 
EXCEL2007, R2.10.1 were used in the study. 
Results: 246 cases of breast cancer were collected. 3-year and 5-year 
cumulative survival rates were 84.1% and 75.4%, respectively. Tumor size, type 
of surgery, type of treatment, personal history of breast diseases were the 
significant factors which impact the mortality rates of breast cancer, which was 
analyzed by K-M method in single factor analysis. Cox proportional hazard model 
confirmed that tumor size and type of surgery were the independent prognostic 
factors in multiple factor analysis. The patients whose tumor size is more than 5 
cm had 5.461 times higher risk of mortality than patients with equal and less than 
2 cm. The risk of mortality according to treatment was 3.004 for the modified 
radical mastectomy, in comparison with the radical mastectomy. In the presence of 
competing risks, the results from the Non-parameter estimation method showed: 
3-year, 5-year risk rates of relapse and metastasis were 20.73%, 28.2%, 17.2%, 
24.95%, respectively. The result from K-M method was higher than 
















model confirmed that tumor size and personal history of breast diseases were the 
independent prognostic factors for relapse. Finally, lymph nodes, tumor sizes, 
personal history of breast cancer were respectively analyzed by cumulative 
incidence regression model, which is almost consistent with the results from 
cause-specific hazard model. Furthermore, the cumulative risk rates between 
different groups could be calculated by cumulative incidence model at any time 
points. 
Conclusion: In addition to surgical methods, treatments, genetic factor and 
female physiological, psychological factors, which were the key factors to impact 
the survival quality, early detection, early diagnosis and early treatment were more 
important. K-M method compared to competing risks model will overestimate the 
risk rates. The results from cumulative risk models could be more intuitive and 
more easily explained, in comparison with cause-specific hazard model. The 
results showed that competing risk model was more rational than the traditional 
survival analysis method. 
Key Wards: Breast cancer, Survival analysis, Competing risks model, 




























第二章 文献综述.......................................... 5 
第三章   理论的基本介绍................................. 10 
3.1 生存分析的基本概念...........................................10 
3.2 生存分析的研究发展...........................................13 
3.3 生存分析常用的方法 ...........................................14 
3.4 竞争风险的基本概念...........................................18 
3.5 竞争风险的基本方法...........................................19 
第四章 实证分析......................................... 25 
4.1 数据来源和调查方法...........................................25 
4.2 Kaplan-Meier 方法下的总体生存率 ..............................26 
4.3 Kaplan-Meier 方法下的单因素分析 ..............................29 




第五章   传统生存分析与竞争风险模型结果的比较分析....... 57 




























































Table of Contents 
Chapter 1 Introduction........................................................................... 1 
1.1 Research background ........................................................................................1 
1.2 The significance of research ..............................................................................2 
1.3 The goal of research...........................................................................................3 
1.4 The framework of research...............................................................................4 
Chapter 2 Literature Review ................................................................. 5 
Chapter 3 Introduction of the theory .................................................. 10 
3.1 The concept of survival analysis .....................................................................10 
3.2 The development of survival analysis ............................................................13 
3.3 The methods of survival analysis....................................................................14 
3.4 The concept of competing risk ........................................................................18 
3.5 The basic methods of competing risk .............................................................19 
Chapter 4 Empirical analysis............................................................... 25 
4.1 Data sources and methods of the investigation .............................................25 
4.2 The general survival rate by Kaplan-Meier method ....................................26 
4.3 Single factor analysis by Kaplan-Meier method ...........................................29 
4.4 Multiple factor analysis by Cox proportional hazard model.......................43 
4.5 Non-parameter estimation method in presence of competing risk..............45 
4.6 Cause-specific hazard model...........................................................................49 
4.7 Cumulative incidence model ...........................................................................52 
Chapter 5 The comparision of survival analysis and competingrisk 57 
Chapter 6 Discussion and recommendation........................................ 60 
6.1 Discussion .........................................................................................................60 





























































































竞争风险的研究 早可以追溯到 18 世纪，Bernoulli 研究天花的根除对死亡








中国人口协会日前发布的《中国乳腺疾病调查报告》称，2003 年到 2009 年
7 年内，我国城市乳腺癌患者死亡率增长了 38.91%，已成为对妇女健康威胁 大
的疾病之一。据资料统计，乳腺癌的发病通常与遗传有关，以及 40-60 岁之间、
绝经期前后的妇女发病率较高 [22] 。 
本研究以在女性中恶性肿瘤排在首位的乳腺癌为例，乳腺癌是女性死亡率很
高的一种疾病。多数患者死亡年龄在 45～79 岁之间，其中又以正处于生命力旺
盛的 45～59 岁为高峰期。本文首先运用经典的生存分析 Kaplan-Meier 方法（简








































(1) 用 K-M 方法估计乳腺癌患者的总体生存率； 
(2) 用 K-M 法对预后因素进行单因素分析，用 Log-rank 法检验统计差异性； 




















































































  竞争风险的研究 早可以追溯至 18 世纪，当时 Bernoulli 研究根除天花对死



























许多研究者应用比例风险模型获得了研究成果。如 Brent R.logan 和 Fohn 
P.Klein 等人利用比例风险模型分析了 630 名患者进行相同 HLA 的亲属骨髓移植








                  ( ) ( ) ( )0 expk k kt tλ λ= Τβ X  
其中， ( )k tλ 表示协变量 X 在时间 t上发生第 k 种终点事件的风险率， ( )0k tλ
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